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The mechanics of human locomotion have been studied extensively. It is now 26 relatively commonplace for research and rehabilitation laboratories to combine 27 motion capture systems with instrumented treadmills to readily obtain many 28 consecutive steps or strides of walking or running data. The use of instrumented 29 treadmills as opposed to in ground force plates also facilitates the use of 30 tethered devices such as stationary bodyweight support systems (Donelan and 31 Kram, 1997), robotic testbeds (Caputo and Collins, 2013 ) and wired measurement 32 systems (e.g. ultrasound imaging platforms). Although treadmills provide a 33 convenient means of collecting data, under some circumstances they do not 34 provide an accurate replication of overground locomotion dynamics. 35
Van Ingen Schenau (1980) provided a detailed proof that the dynamics of 36 locomotion on a treadmill with constant belt speed are dynamically similar to 37 constant speed locomotion overground when considered in a reference frame 38 that moves with the belt. However, theoretical and experimental evidence shows 39 that locomotion on an accelerating treadmill belt is not dynamically similar to 40 accelerating overground (Christensen et al., 2000 ; Van Caekenberghe et al., 41 2013b). Perhaps the simplest explanation for this is that the person on an 42 accelerating treadmill belt is not actually accelerating in a fixed inertial reference 43 frame, unlike a person accelerating overground. It is also the case that the 44 previously noted reference frame that is attached to the belt is accelerating 45 relative to the world and is considered a non-inertial reference frame. When the 46 belt is accelerated, it causes an inertial force to act upon the user that is opposite 47 in direction to the acceleration and equal to the users mass multiplied by the 48 acceleration of the belt. This force effectively accelerates the user in the belt 49 frame of reference and the user does not have to actively generate propulsive 50 horizontal ground reaction forces to accelerate their body, as they would have to 51 overground. As a result, the mechanics of running on an accelerating treadmill 52 belt have been experimentally shown to be fundamentally different from those 53 for accelerative running overground (Van Caekenberghe et al., 2013b). Therefore 54 it is not appropriate to study accelerative locomotion mechanics during normal 55 walking and running on an accelerating treadmill, unless the acceleration is very 56 low (Goldberg et al., 2008; Peterson et al., 2011) . This is inconvenient, because6 overground studies limit the use of wired/tethered systems; make it hard to 58 control speed and require either many trials or multiple force platforms to obtain 59 multiple steps. Often human locomotion is not at constant speed and so it would 60 be useful to find an appropriate means of studying accelerative locomotion on a 61 treadmill. 62 and opposite in direction they cancel, giving: 129
Thus, by adding F app and making it equal to ma b/g , the dynamics of the person in the treadmill belt-based frame of reference are equivalent to those describing 132 overground acceleration in a ground-based frame of reference (Eq. 1). 133
In a simple case where ma p/b is constant, F app needs to be constant and assuming 134 the person can maintain a consistent fore-aft position on the treadmill, can be 135 applied by a tensioned spring element. Therefore in the EA condition, a force 136 equal to body mass multiplied by belt acceleration was generated in a rubber 137 spring element using a winch, and measured via a load cell (Tedea Huntleigh 614, load cell signals were filtered using a second order bidirectional low-passforce plates were summed and integrated with respect to time from each heel 156 strike to the subsequent contralateral heel strike. Over each step, a theoretical 157 value for I GRF (I TH ) was also calculated as: 158
Where m is the participant's body mass and Δv belt is the change in treadmill belt 160 velocity over that step. This theoretical value represents the net impulse that 161 would have to be generated to cause an equivalent acceleration of the 162 participant overground. during the stance phase of walking (Table 1 , P = 0.001) and running (Table 1, P = 235 0.0006). The effect was that increasing acceleration from zero in the A0 condition 236 to 0.76 ms -2 in A3 caused a progressive rotation of the median GRF vector (3.2 ±1.1° for walking and 3.5 ± 2.1° for running) that oriented the vector more 238
anteriorly. This equates to rotations of 4.2° (walking) and 4.6° (running) per 1 ms -239 2 increment in acceleration. Exemplar plots of GRF data exhibiting this rotation for 240 one participant are shown in Figure 4 and data for each participant are available 241 in the supplementary information (Figures S1 and S2 ). There was no difference 242 found in the mean or peak magnitude of the two-dimensional GRF vector during 243 running but the peak magnitude for walking increased with acceleration (Table 1) . 244
There was a significant effect of acceleration on peak braking and propulsive 245
horizontal GRF values with peak braking GRF generally decreasing across 246 conditions from A0 to A3 (walking: P = 0.04; running: P < 0.001) and peak 247
propulsive GRF increasing for walking and running (walking: P = 0.02; running: P 248 = 0.01, Table 1 ).
Step time and stance time both decreased with acceleration 249 during walking (P < 0.01) but neither changed with acceleration for running steps 250 (Table 1) . 251 steps of data to be collected than overground experimental setups. However, it 335 did permit sufficient steps of appropriate data to be collected for investigations 336 into the mechanics and muscular strategies used for accelerating the body. This isextremely useful as the treadmill environment facilitates the use of wired data 338 collection systems and smaller lab spaces for such experiments. This study also 339
showed that if appropriate external mechanics are attained, they are attained 340 through the same adjustments in GRF and temporal characteristics as have been 341 observed for overground accelerations. Therefore, the technique used is suitable 342 for investigations of acceleration strategies during locomotion and more precise 343 systems for applying compensatory force should more effectively emulate real 344 acceleration mechanics. Median GRF vector orientation () * 0.1 ± 1.2 1.5 ± 1.0 2.4 ± 0.9 3.3 ± 1.1 0.7 ± 1.1 2.2 ± 1.1 3.3 ± 1.7 4.2 ± 1.6
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